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Abstract
Strategies were investigated for improving efficiency in the use of segregating common bean (Phaseolus vulgaris)
populations using crosses between the Andean cultivar BRS-Radiante and the Mesoamerican parent cultivar Cari-
oca-MG by developing populations with 12.5%, 25%, 50%, 75% and 87.5% of the allele frequency of one of the par-
ents. For each of the five populations we evaluated for two traits, the number of days to the beginning of flowering and
grain yield (g plot-1), in the F2:3 (sown in February 2006) and F2:4 (sown in July 2006) generation progenies using 15 x
15 lattice design experiments, with 44 progenies (n = 220 plants) plus the two parents and three controls being evalu-
ated for each generation. In terms of variability release, the populations with different parental allele frequencies pre-
sented no consistent tendency of alteration. In general, genetic variance was stated among progenies in all
populations, indicating success with selection. For grain yield, the lowest mean was observed in the populations with
50% of the alleles of both parents. If, for instance, the objective is to develop earlier flowering lines, the best strategy
is to perform two, or at least one, backcross with the earliest parent. The most suitable allele frequency is to be deter-
mined according to the desired grain type.
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Introduction
Much headway was made in the genetic improvement
of the common bean (Phaseolus vulgaris L. Fabales,
Fabaceae) during the 1970s and 1980s (Abreu et al., 1994;
Matos et al., 2007), but due to the difficulty of exploiting all
existing variability in this species continuing uninterrupted
success is doubtful (Singh, 2001).
One of the restrictions to using the variability inher-
ent in P. vulgaris is that it was domesticated in distinct re-
gions, one of which is Mesoamerica, where the common
bean has intermediate or small grains and the storage
glycoprotein is S phaseolin, while another is the Andes,
where P. vulgaris with large grains and T phaseolin are
found (Singh, 2001). Mesoamerican P. vulgaris have a
Dl1Dl1dl2dl2 genotype while Andean P. vulgaris have a
dl1dl1Dl2Dl2 genotype and a cross is only viable if at least
one of the lines has the dl1dl1dl2dl2 genotype. Andean and
Mesoamerican P. vulgaris crosses are normally incompati-
ble (i.e., F1 generation plants do not grow or produce no de-
scendants), this being genetically controlled by two genes
with double recessive epistasis (Shii et al., 1980). But even
when crosses are viable, the performance of the segregating
population is not good, with the progeny normally showing
worse performance than either of the parents (Johnson and
Gepts, 1999; Johnson and Gepts, 2002; Bruzi et al., 2007).
A possible explanation for this is that during evolution P.
vulgaris from these two domestication centers developed
gene pools and/or epistatic combinations that are disrupted
in crosses between P. vulgaris plants from these two re-
gions, thus reducing the adaptation. To alleviate this effect,
one possibility would be to use a backcross to increase the
allele frequency in the direction of the parent which was
more adapted or which had the desired phenotype. This al-
ternative has been evaluated for some plant species (Vello
et al., 1984; Ininda et al., 1996; Singh et al., 2002).
In Brazil, crossing Andean and Mesoamerican P.
vulgaris cultivars is important not only to amplify variabil-
ity but also for the introduction of pathogen resistance
genes. It would, therefore, be interesting to know if segre-
gating populations derived from crosses between Andean
and Mesoamerican lines and diverse in the allele frequency
of each parent differ in terms of selective success. Based on
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these considerations the objective of the study described in
this paper was to identify the allele frequency of each par-
ent in segregating populations of Andean and Mesoame-
rican P. vulgaris crosses that would raise the chances of
success with selection.
Material and Methods
The experiments were conducted in the experimental
area of the Department of Biology of the Universidade Fed-
eral de Lavras (UFLA), in Lavras, a city in the southern re-
gion of the Brazilian state of Minas Gerais (21°14’ S,
longitude 44°59’ W, altitude 918 m).
One parent was the Mesoamerican gene pool P.
vulgaris cultivar Carioca-MG (CMG), a member of the
Mulatinho commercial group, which has an indeterminate
type II growth habit and produces cream-colored grains
with brown stripes, the mean weight of 100 beans being
20 g to 22 g. The other parent was the Andean gene pool P.
vulgaris cultivar BRS-Radiante, a member of the Mantei-
gão/Rajado commercial group, which has erect plant archi-
tecture and a determinate type I growth habit and beige
seeds with wine-colored stripes/spots, the mean weight of
100 beans being over 40 g. The controls, besides the par-
ents, were the cultivars BRSMG Talismã, BRSMG Majes-
toso and Carioca, also recommended for the test region.
The steps to obtain the segregating populations are
shown in Figure 1. With the F1 generations of the five popu-
lations (F1BC21, F1BC11, F1, F1BC12 and F1BC22), with dif-
ferent allele frequencies, the F2 generation was obtained
and thereafter the 44 F2:3 progenies of each population (Fig-
ure 1).
For each population we evaluated 44 F2:3 progenies (a
total of 220 plants) plus two parents and three controls us-
ing a simple 15 x 15 lattice design with single-row plots of
two meters spaced at 0.5 m and a sowing density of 15
seeds per meter. The experiment was carried out in the dry
season (sowing in February 2006) using the agricultural
practices recommended for growing P. vulgaris in this
region. After the harvest of the previous experiment, proge-
nies of the F2:4 generation were obtained and were evalu-
ated again (sowing in July 2006) by the same experimental
procedure as described above, but with three replications.
The following traits were evaluated: number of days
to the beginning of flowering, i.e., the number of days from
emergence until the occurrence of at least one open flower
in 50% of the plants in the plot; grain mass of a grain sample
of each progeny; and grain yield in g plot-1. Estimates of ge-
netic and phenotypic parameters were obtained in a similar
manner to that adopted by Vencovsky and Barriga (1992)
based on the mean square expectations and the individual
and joint analyses of variance. The percentage gain in se-
lection based on the parental mean was estimated by the ex-
pression:
GS
h ds
M g
=
⎛
⎝⎜
⎞
⎠⎟ ×
2
100
where ds is the differential of selection calculated by the
difference between the mean of the ten progenies with best
performance per population and the overall mean of each
population, h2 represents the heritability and Mg the paren-
tal mean.
Results
We found that the generation effect was significant
for the traits evaluated in the two generations. The mean
number of days until the beginning of flowering and the
grain yield was highest in the F2:4 generation (Table 1) and
the progenies x generations (seasons) interaction was also
significant. Furthermore, the variance estimate of the prog-
enies x generations interaction (σPG
2 ) for grain yield was 1.6
times the estimate of genetic variance σP
2 (Table 2). The σP
2
estimates indicated that there were significant differences
(p = 0.01) between the progenies for all traits and the lower
limit of the estimates was positive in almost all cases. How-
ever, there was no tendency for the σP
2 value to change as a
function of the allele frequencies (Table 2).
The heritability estimates of flowering (86.31%)
were considerably higher than those obtained for grain
yield (31.3%) (Table 2). When considering the heritability
estimate per generation, the values slightly exceeded those
for the overall mean (data not shown). In some cases the
lower limit of heritability was negative and the estimate
zero, this being clear in the population with 75% CMG al-
leles where the h2 estimate was different from zero in both
generations but null in the joint analysis. This was probably
due to the progenies x generations interaction, which over-
rated the estimates of the genetic variance in progenies in
each generation and, consequently, affected the h2 estimate.
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Figure 1 - Phases of development of BRS-Radiante x Carioca-MG segre-
gating populations and F2:3 progenies with different allele frequencies.
*Allele proportion of the Carioca-MG second parent.
The mean number of days to the beginning of flower-
ing increased with the increase of the allele frequency of the
CMG parent (Table 1 and Figure 2). For both generations,
the population with 50% of alleles from each of the parents
presented the lowest grain yield mean and, moreover, the
progeny mean of this population was lower than the paren-
tal mean (Table 1 and Figure 3).
The estimates of the percentage gains, compared to
the parent mean, varied among populations, although the
results of the two generations were not consistent (Table 3).
In reference to the mean of the two generations, the gain
was slightly higher in the population with 87.5% of CMG
alleles. Nevertheless, the estimate for the progenies with
50% of alleles from each parent was also high, which is par-
ticularly important when taking into account that the popu-
lation with 50% of the alleles from each parent presented
the lowest mean. The highest heritability estimate, with
50% of the alleles from each parent, thus compensated for
the lower mean. This estimate expresses the expected gain
in the F8 generation in the absence of dominance or, in the
case of pronounced dominance, in the following genera-
tion.
Since the parents were contrasting for grain mass,
variation was observed between populations with different
allele frequencies for this trait. We found that the mean
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Figure 2 - Regression equation for the variables ‘allele frequency of the
parent Carioca-MG’ (X) and ‘mean number of days to the beginning of
flowering’ (Y). Y = 0.0977X + 25.954; R2 = 0.9192.
Figure 3 - Regression equation between the ‘allele frequency of the parent
Carioca-MG’ (X) and ‘grain yield (g plot-1)’ (Y). Y = 327-2.8818X +
0.0259X2; R2 = 0.9990.
mass of 100 grains diminished as the percentage of CMG
alleles increased (Table 1), as shown by the regression
equation between the independent variable (X) of the allele
proportion of CMG parent and the dependent variable (Y)
grain mass (Y = 42.48-0.24X, R2 = 0.97). We found a 0.24 g
reduction in the mass of 100 grains for every 1% increase in
the proportion of alleles from the CMG parent. In addition,
the F2:4 mean grain mass was 9% higher than in the F2:3 gen-
eration.
Discussion
The generation and the season effects were somewhat
difficult to interpret because the generations were evaluated
in different seasons but, however, the difference we ob-
served can be ascribed to genetic and/or environmental ef-
fects. Even so, genetic effects were less likely since in the
absence of dominant allele interaction in the expression of a
trait the generation mean would be expected to be constant,
while in the presence of dominance the mean should de-
crease with inbreeding rather than increase, as was the case
with our data. It can thus be argued that the difference in the
mean of the F2:3 and F2:4 generations must have been pre-
dominantly due to environmental effects. Several reports
from the region state that when progenies were evaluated in
July sowings flowering was later and the grain yield higher
than in the February sowings (Oliveira et al., 2006; Silva et
al., 2007).
It was difficult to draw any inferences regarding the
populations in relation to the estimates of genetic variance
(σP2 )because the magnitude ofσP2 depends on the allele fre-
quencies as well as on the predominant type of allele inter-
action. Falconer and Mackay (1996) showed that, consider-
ing one locus, the genetic variance is maximal when
p = q = 0.5, in the absence of dominance. For instance, in
complete dominance, σP
2 is highest when p = 0.75. In the
case of P. vulgaris, it seems that the predominant allele in-
teraction is additive (Sousa and Ramalho, 1995; Moreto et
al., 2007) and, therefore, the population with 50% of the al-
leles from each parent should present the highest σP
2 esti-
mate, but in our study this population did not differ from the
estimates obtained for the population with 87.5% of CMG
alleles (Table 2).
However, dominance cannot be ruled out because it
has been shown to occur in some situations (Moreto et al.,
2007). Furthermore, in our case, comparisons were ham-
pered not only by the question of possible sampling and ex-
perimental errors but also because for the populations de-
rived from the backcrosses the unlinked loci were not in
equilibrium as expected for the population with 50% CMG
parent alleles. The genetic variance is inflated in the case of
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Table 2 - Estimates of the genetic variance in progenies (σP
2 ) and heritability of progeny means (h2) obtained in the evaluation of the number of days to the
beginning of flowering and grain yield (g plot-1) using the mean of the F2:3 and F2:4 progenies derived from populations with different percentages of al-
leles from the Carioca-MG parent (12.5%, 25%, 50%, 75% and 87.5%). Confidence intervals (CI, α = 0.05) in parentheses. The variance of the progenies
x generations interaction (σPG
2 ) was 3.49 for the number of days to flowering and 1031.375 for grain yield.
Parameters Number of days to flowering Grain yield
Genetic variance in progenies (σP
2 )
σP
2 13.72 (11.50 to 16.66)1 661.34 (554.11 to 803.18)1
σP12 5
2
. % 4.80 (3.28 to 7.71) 892.32 (609.14 to 1432.49)
σP 25
2
% 2.42 (1.65 to 3.88) 255.09 (174.14 to 409.51)
σP 50
2
% 8.73 (5.96 to 14.02) 800.82 (546.68 to 1.285.61)
σP 75
2
% 12.70 (8.67 to 20.39) -600.81 (-964.52 to -410.14)
σP 87 5
2
. % 3.45 (2.36 to 5.54) 983.57 (671.42 to 1.578.98)
Heritability of progeny means (h2)
h2 (%) 86.31 (83.08 to 89.05) 31.30 (15.09 to 45.03)
hP12 5
2
. % (%) 90.14 (85.29 to 93.93) 30.04 (-4.36 to 56.92)
hP 25
2
% (%) 92.94 (89.48 to 95.66) 14.67 (-27.28 to 47.46)
hP 50
2
% (%) 81.63 (72.59 to 88.69) 34.90 (2.89 to 59.91)
hP 75
2
% (%) 89.24 (83.95 to 93.37) 0.00 (-143.82 to -0.65)
hP 87 5
2
. % (%) 66.47 (49.99 to 79.35) 42.03 (13.53 to 64.31)
Table 3 - Estimates of the percentage gain with selection (GS%) among
progenies in relation to the parent mean for grain yield (g plot-1) for all
progenies and among populations with different percentages of alleles
from the Carioca-MG parent (12.5%, 25%, 50%, 75% and 87.5%).
GS estimates (%) F2:3 F2:4 Mean of two
generations
GS(all progenies) 18.87 17.08 5.87
GS12.5% 3.03 5.55 4.17
GS25% 11.81 7.25 2.09
GS50% 21.56 3.83 6.38
GS75% 4.13 6.64 -
GS87.5% 8.22 14.58 7.89
linkage disequilibrium, as shown by Falconer and Mackay
(1996).
The heritability estimates (h2) indicated the existence
of variation. It must be emphasized that the h2 estimates
given in this paper are in the broad sense, since the genetic
variance in progenies contains not only the additive vari-
ance (σA
2 ) but also the variance of dominance (σD
2 ). For in-
stance, in the population with 50% CMG alleles, σPF2 3
2
:
contained 1 2 14 2σ σA D+ , while in the populations with 25% or
75% of CMG alleles σPF2 4
2
:
contained 1 2 34 2σ σA D+ . In this
case, apart from these components, there was also the
covariance of the additive (a) and dominance (d) effects,
where, for each distinct locus, a is the deviation of the ho-
mozygous value from the mean (i.e., an additive effect) and
d is the deviation of the heterozygous value from the mean
(i.e., a dominance effect). So, only in the absence of domi-
nance the h2 values given in this paper are directly compa-
rable with those found in literature, even when the question
of the linkage disequilibrium mentioned above is not taken
into consideration. Nevertheless, several reports on the
heritability estimate of the number of days to the beginning
of P. vulgaris flowering were found in the literature that
confirm that the h2 of this trait is normally high (Arriel et
al., 1990; Nunes et al., 1999; Abreu et al., 2005; Silva et al.,
2007). For grain yield, h2 estimates for P. vulgaris proge-
nies of similar magnitudes to those found by us are com-
monly found in the literature (Raposo et al. 2000; Cunha et
al., 2005; Londero et al., 2006). However, no tendency was
observed in the heritability values caused by the alteration
in the allele frequencies of the populations (Table 2).
An essential aspect of the research described in this
paper was to verify the effect of allele frequencies of the
populations on the possibility of success with selection.
This depends on the genetic variability available and the
population mean (Ramalho et al., 2001). The question of
genetic variability was commented above, that is, from the
viewpoint of released genetic variability, there was no gen-
eral tendency of alteration in the possibility of success with
selection, as related to the allele frequencies of the popula-
tions. In other words, independently of the parents used, the
genetic variability in the backcrosses was not markedly dif-
ferent, except in the case of the population with 75% CMG
alleles (Table 2).
The effect of allele frequency is clearly seen in the
population means. If, for instance, the objective is to de-
velop earlier flowering lines, the best strategy is to perform
at least one, preferably two, backcrosses with the earliest
parent, in this case BRS-Radiante, to raise the chances of
success with selection (Table 1 and Figure 2). The opposite
procedure is indicated when the objective is to obtain
smaller grains, in adaptation to the carioca commercial
standard (Table 1).
For grain yield, the parental mean was higher than the
progeny mean (Table 1), in other words, negative heterosis
occurred, explainable by the occurrence of epistatic combi-
nations (Lamkey and Edwards, 1999). As explained above,
the parent plants in our study were from different gene
pools, with ‘BRS-Radiante’ belonging to the Andean pool
and CMG to the Mesoamerican pool. Since the environ-
mental conditions in these two regions are quite different,
the bean lines must have formed combinations of favorable
alleles in each region during their evolution, with different
loci being involved in adaptation to their specific condi-
tions. These loci formed gene pools that persisted for a long
time but when Andean and Mesoamerican P. vulgaris are
crossed these favorable combinations are undone and, nor-
mally, the performance and the adaptation of the progenies
are inferior to either one of the parents. This has been con-
firmed in some situations (Johnson and Gepts, 2002; Bruzi
et al., 2007) and Moreto et al. (2007) has reported that
epistasis is a factor in the control of grain yield in popula-
tions of the cross BRS-Radiante x CMG, same cross as was
used by us. These considerations explain why the success in
the hybridizations involving Andean x Mesoamerican P.
vulgaris has been so small, although the parents are nor-
mally very divergent.
Little information is available in the literature to com-
pare the gains of selection with the gains obtained here (Ta-
ble 3). One report was found for soybean (Ininda et al.,
1996), but the authors used a recurrent selection program
with three selection cycles to produce gain estimates of
2.8% for populations with 25% exotic germplasm, 3.1% for
50% exotic germplasm and 2.0% for 75% exotic germ-
plasm.
In Brazil, Andean and Mesoamerican P. vulgaris
lines have been cultivated for a long time and, conse-
quently, some are adapted to the local conditions, as is the
case for the cultivars used in our study. This may result in
observations that are different from exotic germplasm (Vel-
lo et al., 1984; Ininda et al., 1996). However, as explained
above, in our study the population with 50% of the parent
alleles might not be the most secure option for success with
selection, in spite of the high gain estimate. Once again the
best strategy would be one or more backcrosses with the de-
sired parent. The line to be used as recurrent depends on the
objectives of the breeder. If, for instance, the aim is to pro-
duce large grain lines, the best option is to use an Andean
recurrent parent, while if lines with small grains are re-
quired the Mesoamerican parent should be used. Singh et
al. (2002) called this procedure ‘recurrent backcrossing’,
and also noted that Andeans plants were 40% to 60% less
productive than the Mesoamerican plants, which was not
the case in our study.
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